Twenty eight term small for gestational age (SGA) infants and 18 term appropriate for gestational age (AGA) infants were studied prospectively to assess bone mineral density and cord serum zinc concentrations. Growth and nutritional status were evaluated, and bone mineral density was measured by dual energy x ray densitometry of the lumbar spine. Cord serum zinc, parathyroid hormone, osteocalcin, vitamin D metabolite and mineral concentrations were measured.
Previous studies have reported low bone mineral density in small for gestational age infants (SGA) compared with appropriate for gestational age (AGA) infants, when bone mineral content was measured by single photon (125 I) absorptometry (SPA) at the distal third of the radius,' or at the mid humerus,2 or when total body bone mineral was determined by double photon absorptiometry (153 densitometry).' In addition to low bone mineral content, low cord serum 1,25dihydroxyvitamin D (1,25-(OH)2 D) and osteocalcin concentrations have been found, as evidence of decreased bone formation.' The reason for low bone mineral density in SGA infants is not clear.
Cord serum zinc concentrations may be low in SGA infants and may correlate with birthweight.4 Growth retardation is an important change associated with zinc deficiency in both humans and animals.4 6 Experimental studies of zinc deprivation on pregnant rhesus monkeys showed significant retarded bone ossification and characteristic rachitic changes in the fetus; these may result from alterations in the vitamin D system.7 Serum 1,25-(OH)2 D concentrations were decreased in zincphosphorus deficient rats, consistent with the trace element as a metallo-enzyme that would modulate renal 1 a hydroxylase activity. 8 We wanted to test the following hypothesis: cord serum zinc concentrations would be low in intrauterine growth retarded infants; low cord zinc concentrations would result in growth deficiency, low cord serum 1,25-(OH)2 D concentrations, and low bone mineral density in SGA infants.
Methods
We studied 46 term singleton newborns (born at 37 to 41 weeks of gestation). They were divided into two groups: 28 SGA infants and 18 AGA infants. Gestational age was calculated from the first day of the last menstrual period and was verified (within two weeks of that calculated date) by clinical assessment of the infant at birth using the Ballard score method.9 Infants were classified as SGA if their birthweight was below the 10th percentile on the intrauterine growth chart of Lubchenco et al.'" Eight infants in the SGA group and 10 in the AGA group were boys; all newborns were Spanish. Gender and race differences in bone mineral density have not been found at birth.' All the infants had been born at the University Hospital Virgen Macarena, Seville, Spain, between October 1992 and October 1993.
Term healthy infants were recruited in the delivery room; all had been born after uncomplicated pregnancies and deliveries. We excluded infants with clinical conditions known to affect calcium metabolism, such as diabetes or parathyroid, bone, or gastrointestinal diseases, or whose mothers had any of the above. None of the SGA infants had clinical evidence of chromosomal abnormalities, or intrauterine infection, or malformations.
The study was approved by the institutional review board of the University Hospital Virgen Macarena and parental informed consent obtained.
Birthweight and crown-heel length, head circumference, mid arm circumference, triceps and subscapular skinfolds, and body surface area (between 48 and 72 hours of life) were measured in duplicate by the same investigator (FCV). All these measurements were made using standard techniques. For weight we used F126 a Seca electric scale model 727; a metal board for crown-heel length measurement; a nonstretchable cloth measuring tape for head and mid arm circumference; and a single set of GMC skinfold camlipers for skinfold thickness.
Body surface area was calculated using a Dubois nomogram. Mid arm circumference and mid arm circumference:head circumference ratio (MAC:HC) measurements were used as indices of nutritional status."
Bone mineral density and content were determined on the lumbar spine (L2-L4) within three to five days after birth by dual energy x ray absorptometry ( Hologic QDR 1000 densitometer ) (DEXA), which uses an x ray tube as the radiation source. The system scans the lumbar spine rectilinearly. The x ray tube pulses alternately at 70 and 140 kV, and the instrument has an internal reference system that compensates for drift in measurements. The radiation dose to the child is less than 5 mRem which is about one tenth of the exposure from a standard chest x ray. Previous studies have validated this technique (L1-L5 and LI-L4).A *1 During measurement, the infants were lying prone, with their legs in spontaneous semiflexion. Some were sedated (chloral hydrate 10 mglkg). The scanning time for the region of interest ranged from 2 to 3 minutes, depending on the child's size. In our hospital the coefficient of variation in adults is 1.4% and 3.5 % in neonates (n=20, three determinations for each one). Dual energy x ray energy expresses bone mineral density in g Weight, length, head circumference, surface area, mid arm circumference, and MAC:HC ratio at birth were significantly lower in SGA than in AGA infants (P < 0.00 1) (table 1).
The mean value of lumbar spine bone mineral density was significantly lower in SGA infants than in AGA infants (P < 0.00 1); the mean value of bone mineral content was also lower in SGA than in AGA infants (data not shown) (table 1). The bone mineral density and bone mineral content of all patients corre-F127 Chunga Vega, G6mez de Tejada, Gonzilez Hachero, Perez Cano, Corond Rodriguez (pmol/l) 13 .86 (3.00) (n=22) 13 2) . Cord serum zinc concentrations were within the normal ranges and differences were not found between SGA and AGA infants (table  3) ; zinc concentrations did not correlate with weight, length, bone mineral density, or serum 1,25-(OH)2 D.
Cord serum PTH, intact 25-OHD, 1,25-(OH)2 D, osteocalcin, total calcium and inorganic phosphorus concentrations were not significantly different between the two groups of infants (table 3) . This lack of difference in cord serum concentrations cannot be stated with confidence, because our sample was rather small.
Discussion
Defining SGA infants by weight below the tenth percentile, '°we found, as expected, that growth and nutritional measures (table 1) were lower in SGA than in AGA infants." 14 The degree of this reduction presumably depends on the extent of the intrauterine insult. In a sequence from "mild" to "severe" this would affect length, height, and head circumference, respectively': these were significantly low in SGA infants (P < 0.001), suggesting possible moderate to severe intrauterine growth retardation. We used Lubchenco et al's intrauterine growth chart, " because it includes an heterogenous population and we do not have any locally applicable chart.
Lumbar spine bone mineral density (DEXA L2-L4) was significantly lower in SGA than in AGA infants, confirming previous results (table 1 ) when bone mineral content was measured by SPA (radius, humerus), ' or doublephoton densitometry in SGA infants (total body bone mineral content).' Our hypothesis was that serum zinc concentrations would be low in SGA infants, and that this would negatively affect growth, 1,25-(OH)2 D production, and bone metabolism; this hypothesis was not confirmed. Similar to Bro et al, " we found normal mean cord serum zinc concentrations in SGA and AGA infants (table 3) ; no correlation with growth and nutritional measures was found. These data are different from those of Jeswani et al, 5 who reported mean cord serum zinc concentrations significantly lower in SGA than in AGA term infants (111.8 (9.2) tg/dl vs 128.88 (14.37) pg/dl), although the values were in the normal range and correlated positively with weight.4
Our results suggest that SGA infants may not be zinc deficient even though our newborns seemed to be moderately to severely growth retarded. Hypozincaemia is found in very severe zinc deficiency in animals and only rarely in humans.6
The bone mineral density and content of all the infants were linearly related to weight, length, head circumference, MAC, MAC:HC ratio and surface area; the best correlation was with weight, length, head circumference and surface area (table 2), similar to bone mineral content measured by SPA on the distal third of the left radius, and total bone mineral content by DEXA in healthy term newborns. 16 Salle et al (DEXA Li-U4) also found a positive correlation between bone mineral density and content with weight, length, head circumference, and surface area in AGA neonates, even though the correlation between bone mineral density and gestational age or length was weaker."'
The correlation between bone mineral density and fetal growth and nutritional measures suggests that the causes and mechanisms for reduced bone mineral density in SGA infants may be similar to those that usually reduce intrauterine weight.' From haemodynamic studies and other methods, we know that the reduction of uteroplacental blood flow is a primary factor (40%) in intrauterine growth retardation.'7 '8 Cord serum amino acid concentrations are low in SGA fetuses; amino acids are used by the fetus and placenta for both protein synthesis and energy production. 19 Theoretically, bone mineralisation may be affected because of deficiency of bone protein collagen synthesis. Low bone mineral density in SGA infants may also be due to imbalance or transplacental deficiency supply of minerals that participate in bone formation.' Experimental reduction of placental blood supply in rats causes intrauterine growth retardation; the calcium transport is reduced relative to the reduction in body size.20
Alterations in phosphate delivery to the bone in SGA infants may also affect bone formation rates and osteocalcin metabolism; the administration of phosphates in adults and preterm infants influences the process ofbone remodelling.' 21 this process is associated with bone enlargement, body growth, and muscular mass.
Our data showed low bone mineral density in SGA infants, but not low cord serum 1,25-(OH)2 D or osteocalcin concentrations (table 3) as did Namgung et al, 1 but it has to be borne in mind that our sample was rather small.
We speculate that low bone mineral density in SGA infants is the result of growth and nutritional deficiencies. The causes and mechanisms are those that produce a reduction in nutritional substrate supply to the fetus, hence bone mineral content correlates well with growth and nutritional status.
We conclude that bone mineral density is lower in SGA than in AGA infants. The low density correlates positively with reduced fetal growth and nutritional status, which is consistent with a similar aetiology and mechanisms for both outcomes. There were no differences in cord serum zinc, intact PTH, vitamin D metabolite, mineral and osteocalcin values between groups.
